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PRECAST SEGMENTAL PIER REINFORCED
WITH BOTH CONVENTIONAL STEEL BARS
AND HIGH-STRENGTH STEEL BARS

CROSS REFERENCE TO RELATED
APPLICATIONS AND CLAIM OF PRIORITY

This application claims benefit under 35 U.S.C. 119(e),
120, 121, or 363(c), and 1s a National Stage entry from
International Application No. PCT/CN2019/074423 filed

Feb. 1, 2019, which claims priornty to the benefit of Chinese
Patent Application No. 201820196039.9 tiled 1n the Chinese

Intellectual Property Office on Feb. 5, 2018, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

The invention relates to a precast segmental pier, in
particular to a precast segmental pier reinforced with both
conventional steel bars and high-strength steel bars.

BACKGROUND OF THE INVENTION

The bridge collapses resulting from natural disasters such
as earthquakes and wars need to be rapidly rebuilt by
adopting accelerated bridge construction technology. The
precast segmental pier becomes one of the eflective
approaches, and the wide application potential of the precast
segmental pier benefits from the following main advantages:
(1) most of the components are industrially manufactured
and mechanically assembled, so that the construction eth-
ciency 1s outstanding; (2) the construction period is short
and 1s less influenced by seasons and weather; (3) the
durability of the pier 1s high and the maintenance cost 1n
lifespan 1s reduced because of better manufacturing and
maintenance conditions of the precast components; (4) it
reduces environmental impact around the bridge construc-
tion site.

So far, the rapid construction of the bridge superstructure
by adopting the precast segmental piers 1s well-established;
by contrast, the engineering application of the precast seg-
mental pier 1s very limited, and the main reason 1s that the
research, development and application of the seismic resis-
tance of the novel precast segmental pier are still nsuili-
cient. China 1s on the junction of the Pacific seismic zone
around the Pacific and the Mediterranean-Himalayan seis-
mic zone, and 1s one of the most serious countries of the
world 1n seismic disasters. Most of the researches and
inventions of the existing precast segmental pier mainly aim
at 1mproving the construction convemence of the pier or
reducing the damage of the pier after the earthquake, how-
ever, the maximum displacement response of the pier under
the seismic excitation and the residual drift after the earth-
quake can hardly be controlled eflectively.

The existing research shows that the maximum displace-
ment response and the discreteness of the pier during
carthquake can be eflectively reduced by improving the
post-vield stifiness of the pier, and meanwhile, the seli-
centering capability of the pier 1s obviously improved, and
the post-ecarthquake functionality of the bridge structure 1s
ensured. The prefabricated assembling technology 1s utilized
to the eflicient and green construction of the pier, and the
post-yield stiflness of the pier 1s obviously improved, the
seismic performance and self-centering capacity of the pier
are obviously improved as well, so that the prefabricated
assembling technology 1s of outstanding practical signifi-
cance to the large-scale construction of traflic infrastructures
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2

in China. However, a well-established approach of efiec-
tively improving the post-yielding stiflness of the precast
segmental pier 1s not available.

SUMMARY

In order to solve the alorementioned problems, the mven-
tion provides a precast segmental pier reinforced with both
conventional steel bars and high-strength steel bars and a
construction method thereot, and solves the problem that the
maximum displacement reaction during earthquake and the
residual drift after earthquake are diflicult to simultaneously
reduce 1n the prior art of the precast segmental pier. The
standard value of the yield strength of the conventional steel
bar 1s 400 to 500 MPa, the standard value of the vield
strength of the high-strength steel bar 1s 785 to 1200 MPa,
and the conventional steel bar and the high-strength steel bar
have the same elastic modulus. Therefore, when the precast
segmental pier reinforced with both conventional steel bars
and high-strength steel bars provided by the invention
sullers from earthquake disasters, the conventional steel bars
arranged 1n the pier yield first and dissipate the energy mnput
into the bridge structure by the ground motion 1n the way of
clastic-plastic deformation, so that the dynamic reactions
such as bridge displacement, acceleration are favorably
reduced; after the conventional steel bars yield, the high-
strength steel bars can still keep elastic, when the earthquake
intensity 1s continuously increased, displacement and
dynamic reaction of pier 1s increased, meanwhile, the tensile
stress level of the high-strength steel bars 1s continuously
increased, and the horizontal bearing capacity of the pier 1s
increased, so that the post-yield stiflness 1s favorably
improved. By adopting the precast segmental pier reinforced
with both conventional steel bars and high-strength steel
bars, the post-yield stiflness 1s improved, the discreteness of
the elastic-plastic maximum dynamic response of the pier
under strong earthquake 1s reduced, and the performance-
based seismic design of the precast segmental pier 1s facili-
tated; the improvement of post-yield stiflness of the precast
segmental pier can also eflectively improve the selif-center-
ing capacity of the pier, obviously reduce the residual drift
of the pier and improve the functionality and the repairabil-
ity of the bridge structure after the earthquake; In addition,
the construction method of the precast segmental pier 1s
simple, convenient and feasible, and ensures eflicient and
green construction of the pier.

The mmvention provides a precast segmental pier rein-
forced with both conventional steel bars and high-strength
steel bars, comprising a footing 1, a segmental pier 2,
longitudinal bars 6 and unbonded post-tensioned tendons 7,
characterized in that: the segmental pier 2 1s composed of
one or more precast segments 4, the longitudinal bars 6 are
composed of both the conventional steel bar 10 and the
high-strength steel bar 11, connecting the footing 1 and the
segmental pier 2 together with unbonded post-tensioned
tendons 7 to form a entire pier.

The geometric dimension, the reinforcement and the
materials of each precast segment 4 can be the same, so that
the assembling 1s easier, and the construction efliciency 1s
improved; and can also be different so as to reduce the
prefabrication cost of the pier. The upper surface and the
lower surface of each precast segment 4 can be flat, so that
the shearing force generated under the earthquake 1s eflec-
tively transmitted between the upper precast segment and
the lower precast segment mainly by a friction mechanism;
In addition, according to the requirement of seismic design,
the upper surface and the lower surface of the precast
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segment 4 can be provided with one or more shear keys, so
that the upper precast segment and the lower precast seg-
ment are 1terlocked, and the shear bearing capacity at the
segment joints can be effectively improved.

The longitudinal bars 6 are composed of conventional 5
steel bars 10 and high-strength steel bars 11, and the ratio of
the reinforcement ratio of the conventional steel bar 10 to the
reinforcement ratio of the high-strength steel bars 11 1s 0.5
to 2.0. As shown 1n FIG. 1, two kinds of longitudinal bars are
arranged at intervals. 10

Conventional steel bars can be HRB400, HRB3500,
HRBF400, HRBF300, HRB400E, HRB500E, HRBF400E
or HRBF 300E. The high-strength steel bars can be PSB7835,
PSB830, PSB930, PSB1080 or PSB1200. Corrugated ducts
5 are reserved 1n the footing 1 and each precast segment 4. 15
The corrugated ducts 5 1s realized by embedding a metal
corrugated pipe 1n advance, the corrugated pipe 1s a circular
metal corrugated pipe 9, the diameter of metal corrugated
pipe 9 1s (2~3) d, which d 1s the diameter of the longitudinal
bar, and the corrugated pipe meets the requirements of the 20
specification of metal corrugated pipes for prestressed con-
crete (JG 225-2007). The embedded part of a metal corru-
gated pipe 1n the footing 1 1s no less than 36 d, which d 1s
the diameter of longitudinal bar, Additionally, the lower end
of the high-strength steel bar 1s used together with an anchor 25
matched with 1t so as to enhance the anchorage performance.

The lower end of the unbonded post-tensioned tendons 7
are anchored 1n the footing 1, and the tendons sequentially
pass through the ducts for post-tensioned tendons 8 with
smooth 1mner wall reserved 1n each precast segment 4 when 30
the pier 1s assembled, and the upper unbonded post-ten-
sioned tendons 7 are anchored 1n the recess for the anchor of
post-tensioned tendons 3 after tensioning; The unbonded
post-tensioned tendons 7 can be steel strands, deformed steel
bars or FRP bars. 35

The present mvention has the following advantageous
cllects compared with the prior art:

The longitudinal bars are composed of a conventional
steel bar with a lower yielding point and a high-strength steel
bar with a higher vielding point, and can obviously improve 40
the post-yield stifiness of the precast segmental pier, thereby
reducing the maximum displacement response and the dis-
creteness of the precast segmental pier wider an earthquake
excitation, effectively improving the self-centering capabil-
ity of the precast segmental pier, reducing the residual 45
displacement and improving the serviceability of the bridge
structure after earthquake disasters.

By adjusting the proportion of the conventional steel bars
and the high-strength steel bars, the yield load capacity, the
post-yield stillness, the peak load capacity and the ultimate 50
drift ratio of the precast segmental pier can be eflectively
controlled, and therefore the design of the precast segmental
pier at multiple performance levels 1s achieved.

The precast segmental pier provided by the invention has
outstanding hysteretic energy dissipation capability and can 55
cllectively absorb and dissipate energy mput to a bridge
structure during earthquake, so that an energy dissipation
damper or an i1solation bearing does not need to be addi-
tionally arranged, and the brnidge construction cost 1s
reduced. 60

The longitudinal bars of the precast segmental pier are
constrained by the high-strength grouting material, and the
outside of the high-strength grouting material 1s also con-
fined by the metal corrugated pipe and the steel hoops SO
that the longitudinal bars generally do not suffer from 65
buckling failure under compression during an earthquake;
on the other hand, the high-strength grouting material

4

restrained by the metal corrugated pipe can resist compres-
sion together with the concrete, so that the compression
stress level and the degree of damage of the concrete can be
lower. Therelore, the precast segmental pier provided by the
invention has more repairability after earthquake, and helps
rapidly recover the bridge tratlic network in the earthquake
disaster areas.

The precast segmental pier provided by the mvention 1s
simple 1n assembling process, and the requirement on opera-
tion precision during assembling 1s not high; and large-scale
equipment 1s not needed during transportation and assem-
bling, hence, the construction 1s flexible and eflicient, and
the bridge can be rapidly constructed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic longitudinal cross-sectional view of
a precast segmental pier according to embodiment 1;

FIG. 2 1s a schematic 3D view of a single precast segment;

FIG. 3 1s a schematic cross-sectional view of a precast
segmental pier;

FIG. 4 1s a schematic of the construction process of the
precast segmental pier in the present invention;

FIG. 5 1s a schematic longitudinal cross-sectional view of
a precast segmental pier according to embodiment 2;

FIG. 6 1s a schematic longitudinal cross-sectional view of
a precast segmental pier according to embodiment 3.

DETAILED DESCRIPTION

The invention 1s described in further detail below with
reference to the following figures and embodiments:

1. Embodiment 1, as shown in FIG. 1, the invention
provides a precast segmental pier reinforced with both
conventional steel bars 10 and high-strength steel bars 11,
comprising a footing 1, a segmental pier 2, longitudinal bars
6 and unbonded post-tensioned tendons 7. The segmental
pier 2 1s composed of one or more precast segments 4, and
the footing 1 and the segmental pier 2 are connected together
by unbonded post-tensioned tendons 7 to form a entire pier.
Each precast segment 4 has a rectangular cross-section with
the same cross-sectional dimension and the same segment
height. The height of the segments 1s 1.5 to 4 times of the
s1ze of the long edge of the section, so that the plastic hinge
of the precast segmental pier can be fully developed to
ensure the energy dissipation capacity in seismic design, and
the volume and the weight of a single precast segment 4 are
small for assembling conveniently. As shown in FIG. 2, each
precast segment 4 1s provided with the same number of
corrugated ducts 5 at the same cross-sectional position.
Theretfore, the corrugated ducts 5 and the ducts for post-
tensioned tendons 8 can be achieved after assembly. After
the precast segments 4 are assembled and the unbonded
post-tensioned tendons 7 are tensioned, the longitudinal bars
6 are placed into the corrugated ducts 5. If the length of the
single longitudinal bar 6 1s smaller than the height of the
segmental pier 2, the longitudinal bar 6 1s extended 1in the
approach of mechanical connection, welding or binding
connection. The construction method of the precast segmen-
tal pier remnforced with both conventional steel bars and
high-strength steel bars 1n the embodiment 1 1s shown in
FIG. 4: firstly, pouring the footing 1, and reserving the
corrugated ducts 3 during pouring so as to insert the longi-
tudinal bars 6 into the footing 1 for anchorage; Then,
assembling the lower precast segments 4, and sequentially
assembling the other precast segments 4 to enable the
unbonded post-tensioned tendons 7 to through the ducts for
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post-tensioned tendons 8 of the precast segments 4; Ten-
sioning the unbonded post-tensioned tendons 7 after the
assembly 1s completed; And then, placing the longitudinal
bars 6 into the the corrugated ducts 5, finally, pressure
grouting 1s carried out i the corrugated ducts 5, and
grouting quality 1s ensured. The longitudinal bars 6 are
restrained by the surrounding grouting maternial, the metal
corrugated pipes 9 and the steel hoops 12, so that the
longitudinal bars 6 generally do not suffer from buckling
tailure under compression during an earthquake. The high-
strength growing material confined by the metal corrugated
pipe 9 can resist compression together with the concrete, so
that the compression stress level and the degree of damage
of the concrete can be lower. Therelore, the precast seg-
mental pier has better durability and post-seismic perfor-
mance than the cast-in-situ pier, and ensures the rapid
recovery of the brnidge trathic network in the earthquake
disaster areas.

2. Embodiment 2, as shown 1n FIG. 5, the embodiment 2
1s different from the the embodiment 1 1n that the segmental
pier 2 of the precast segmental pier reinforced with both
conventional steel bars and high-strength steel bars has only
one precast segment 4. When the slenderness ratio of the
segmental pier 2 1s no more than 6, the segmental pier 2 can
be a single precast segment 4, so that the assembling
elliciency can be improved. Moreover, when the slenderness
ratio of the segmental pier 2 1s no more than 6, the size and
the weight of the segmental pier 2 are not too large to be
transported and assembled. When the same or similar design
and construction as in the embodiment 2 1s adopted, it
should be noted that the size and weight of the segmental
pier 2 meet the related transportation regulations and do not
exceed the limit of the hoisting equipment.

3. Embodiment 3, as shown 1n FIG. 6, the present embodi-
ment 1s diflerent from the embodiment 1 1n that conventional
steel bars 10 and high-strength steel bars 11 only pass
through several precast segments 4 of the lower part of the
segmental pier 2, and are not arranged along the entire pier.
For a cantilever pier, the bending moment of the bottom of
the pier 1s the largest under the action of an earthquake, and
the bending moment i1s gradually reduced from the bottom of
the pier to the top of the pier. In seismic design, longitudinal
bar reinforcement ratio can be gradually reduced according
to bending moment distribution of pier, and finally, the
longitudinal bar 1s cut at a certain reasonable height. The
cutting of the longitudinal bar 6 i1s 1n accordance with the
corresponding seismic design specification. When the height
of the precast segmental pier remnforced with both with
conventional steel bars and high-strength steel bars 1s larger,
the amount of conventional steel bars 10 and high-strength
steel bars 11 can be eflectively reduced by this method while
the seismic performance 1s ensured, so that the economic
benefit and the construction efliciency are {favorably
improved.

Finally, the above embodiments are only used to 1llustrate
the technical solution of the present invention and are not
limited.

What 1s claimed 1s:

1. A precast segmental pier reinforced with first steel bars
and second steel bars having higher strength than the first
steel bars, comprising a footing, a segmental pier, longitu-
dinal bars and unbonded post-tensioned tendons, character-
ized 1n that: the segmental pier 1s comprised of one or more
precast segments, the longitudinal bars are comprised of
both the first steel bars and the second steel bars, connecting,
the footing and the segmental pier together with unbonded
post-tensioned tendons to form an entire pier,
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6

wherein the first steel bars are HRB400, HRB300,
HRBF400, HRBF300, HRB400E, HRBS500E,
HRBF400F or HRBF 500E, and the second steel bars
are PSB785, PSB830, PSB930, PSB1080 or PSB1200.

2. The precast segmental pier of claim 1, wherein the ratio
of the reinforcement ratio of the first steel bar to the
reinforcement ratio of the second steel bars 1s 0.5 to 2.0, and
the longitudinal bars are arranged symmetrically and/or at
intervals in the cross-section.

3. The precast segmental pier of claim 1, wherein the
upper surtace and the lower surface of each precast segment
are flat or be provided with one or more shear keys.

4. The precast segmental pier of claim 1, wherein the
lower end of the second steel bar 1s used together with an
anchor matched with 1t so as to enhance the anchorage
performance.

5. The precast segmental pier of claim 1, wherein the
lower end of the unbonded post-tensioned tendons are
anchored 1n the footing, and the tendons sequentially pass
through the ducts for post-tensioned tendons with smooth
inner wall reserved 1n each precast segment when the pier 1s
assembled, and the upper unbonded post-tensioned tendons
are anchored 1n the recess for the anchor of post-tensioned
tendons after tensioning; the unbonded post-tensioned ten-
dons are steel strands, deformed steel bars or FRP bars.

6. The precast segmental pier of claim 1, wherein corru-
gated ducts are reserved in the footing and each precast
segment.

7. The precast segmental pier of claim 6, wherein the
embedded part of the metal corrugated pipe in the footing 1s
no less than 36d, which d 1s the diameter of longitudinal bar.

8. The precast segmental pier of claim 6, wherein the
corrugated ducts are realized by embedding a metal corru-
gated pipe 1n advance, the corrugated pipe 1s a circular metal
corrugated pipe, the diameter of metal corrugated pipe 1s d,
which d 1s the diameter of the longitudinal bar.

9. The precast segmental pier reinforced of claim 8,
wherein the embedded part of the metal corrugated pipe in
the footing 1s no less than 36d, which d 1s the diameter of
longitudinal bar.

10. A precast segmental pier reinforced with both first
steel bars and second steel bars having higher strength than
the first steel bars, comprising a footing, a segmental pier,
longitudinal bars and unbonded post-tensioned tendons,
characterized 1n that: the segmental pier 1s comprised of two
or more precast segments, the longitudinal bars are com-
prised of both the first steel bars and the second steel bars,
connecting the footing and the segmental pier together with
unbonded post-tensioned tendons to form an entire pier; the
first steel bar and the second steel bar only pass through
several precast segments of the lower part of the segmental
pier, and are not arranged along the entire pier,

wherein the first steel bars are HRB400, HRB300,
HRBF400, HRBF300, HRB400E, HRBS500E,
HRBF400F or HR 500E, and the second steel bars are
PSB785, PSBR30, PSB930, PSB1080 or PSB1200.

11. The precast segmental pier of claim 10, wherein the
ratio of the reinforcement ratio of the first steel bar to the
reinforcement ratio of the second steel bars 1s 0.5 to 2.0, and
the longitudinal bars are arranged symmetrically and/or at

intervals in the cross-section.

12. The precast segmental pier of claim 10, wherein the
upper surtace and the lower surface of each precast segment
are tlat or be provided with one or more shear keys.
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13. The precast segmental pier of claim 10, wherein the
lower end of the second steel bar 1s used together with an
anchor matched with it so as to enhance the anchorage
performance.

14. The precast segmental pier of claim 10, wherein the 5
lower end of the unbonded post-tensioned tendons are
anchored 1n the footing, and the tendons sequentially pass
through the ducts for post-tensioned tendons with smooth
inner wall reserved 1n each precast segment when the pier 1s
assembled, and the upper unbonded post-tensioned tendons 10
are anchored in the recess for the anchor of post-tensioned
tendons after tensioning, and the unbonded post-tensioned
tendons are steel strands, deformed steel bars or FRP bars.
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